Abstract: Aim To evaluate if Diffusion Tensor Imaging (DTI) is able to detect morphological changes of peri-prostatic neurovascular fibers (PNF) before and after robot-assisted radical prostatectomy (RARP) and if these changes are related to urinary incontinence (UI) and erectile dysfunction (ED). Materials and methods: From October 2014 and August 2017 26 patients with biopsy-proven prostate cancer underwent prostatic multi-parametric magnetic resonance imaging (mp-MRI) including DTI sequencing before and six months after, RARP. Images were analyzed by placing six regions of interest (ROI) respectively at the base, mid-gland and apex, one for each side, to obtain tractography reconstruction of the PNF. Patients were asked to complete an International Consultation Incontinence Questionnaire -Short Form (ICIQ-SF) and International Index of Erectile Function (IIEF-5) questionnaires before RARP and 6 months postoperatively. Fractional anisotropy (FA), number (N) and length (L) of PNF before and after RARP were compared by means of Student's t-test; Spearman test was used to evaluate the correlation between DTI parameters and questionnaires scores. We observed a significant difference in N values before and after RARP (p<0.001) and a negative correlation between IIEF-5 score and post-operative FA values at both the right (rho=-0.42; p= 0.0456) and left (rho=-0.66; p=0.0006) base of the prostate. DTI with tractography of PNF is able to detect quantitative changes in N, L and FA values in PNF after RARP. In particular we observed an inverse correlation between FA of PNF and ED at 6 months after RARP. Further investigations are needed to confirm this trend..
INTRODUCTION
In clinical practice, robot-assisted radical prostatectomy (RARP) is an effective option for treating prostate cancer (PCA) along with all clinical risk classes 1 . However, drawbacks related to the procedure include urinary incontinence (UI) and erectile dysfunction (ED) 1 . Nerve-sparing techniques during RARP have shown to reduce the risk of both UI and ED, whose rates vary from 89% to 42% and 32% to 18% for unilateral and bilateral nerve sparing, respectively 1, 2 -6 . Because the number of preserved periprostatic neurovascular fibers (PNFs) associates with erectile function recovery 7, 8 , imaging visualization of these fibers is becoming an emerging issue 9 . Multiparametric magnetic resonance imaging (mMRI), which combines T2-weighted (T2W) with dynamic contrast-enhanced (DCE-MRI) and diffusion-weighted imaging (DWI), has an important role for diagnosing and staging PCA 1, 10 . Furthermore, MRI provides an excellent depiction of pelvic anatomy and also predicts the extent of NVB involvement 8, 11 -12 . Although MRI is able to assess extracapsular invasion of PCA, the visualization of PNFs remains still difficult 12, 13 . Diffusion tensor imaging (DTI) is a new MRI modality in the field of Neuroimaging, it is noninvasive and provides a sharp depiction of central and peripheral nervous fibers 14 -24 . Recently, it has been shown that DTI, which is based on the sensitivity of "anisotropic diffusion" of the water protons measured in a micro-structural environment of biological tissues, is able to map PNFs 9, 26 -8 . Indeed, the anisotropic diffusion represents a condition in which the diffusion of water protons is not casual or "Brownian" but oriented along a determined axis; furthermore, this condition occurs in biological tissues with a strictly orientated texture, such as nervous central and peripheral fibers, including the PNFs 15 . DTI is able to quantify this phenomenon throughout the measurement of Fractional Anisotropy (FA) for each single voxel in at least 6 non-collinear and non-coplanar directions; by the integration of FA of all voxels it becomes possible to represent the direction of nerve fibers in all three dimensions of space, giving both quantitative and qualitative anatomic information. The aim of the study is to evaluate if DTI is able to detect the changes of the PNFs before and after nerve-sparing RARP, and if these changes are related to UI and ED.
MATERIALS AND METHODS

Study population
A prospective study was carried out in collaboration between the Institute of Radiology and the Urology Department of the University of Verona. The study had institutional review board approval. Each patient provided informed signet consent for all MRI examinations. In a period ranging from October 2014 to August 2017, the study collected 31 PCA patients underwent RARP with "nerve-sparing" intent. Exclusion criteria were absolute contraindications for the conduct of the MRI, severe post-surgical complications, failure to adhere to 6-month follow-up, disease relapse or death. Patients were classified according to the D'Amico cancer class risk categories 29 . Clinical staging was computed according to the 2002 American Joint Committee on Cancer staging system for PCA. RARP, which was associated with the unilateral or bilateral nerve-sparing technique, was delivered by the Si da Vinci Robot System (Intuitive Surgical, Inc, Sunnyvale, CA, USA) and was performed through the transperitoneal approach with antegrade prostatic dissection 30, 31 . A transurethral 18 Fr Foley catheter was placed in all cases and the balloon was inflated with 7 cubic centimeters (cc) of physiologic solution. Before March 2017, a postoperative drain was placed in the pelvis, which was removed on a postoperative day (POD) one if the output was less than 150 mL/24 h. If the postoperative outcome was unevent-ful, patients were discharged on POD 4 with the catheter removed on POD 12 without cystography. Extended PLND was performed according to a standard template, which included the obturator fossa, external, internal and common iliac lymph nodes. The operating time was calculated as the interval between incision of the first laparoscopic port and suture of the last laparoscopic port. The surgical procedures were performed by two experienced surgeons. Prophylaxis of deep venous thrombosis with low molecular weight heparin was performed in all cases elected to RARP with extended PLND and with comorbidity risk factors 30 . In all cases, early mobilization was activated starting from the day of surgery (POD 0). Deep venous thrombosis prophylaxis was prolonged till POD 28. In the surgical specimen, tumors were graded and staged according to the modified Gleason score system and TNM classification system 1 . All patients, before and six months after surgery, were assessed by the International Index of Erectile Function (IIEF-5 questionnaire) 32 and International Consultation Incontinence Questionnaire-Short Form, (ICIQ-SF) 33 . Netherlands) using a 32 multi-channel surface coil placed on the lower abdomen. All Patients were fasting with solid foods from 4 to 6 hours before the examination. Peristalsis was suppressed by administering 20 mg intramuscular scopolamine butyl bromide (Buscopan, Boehringer Ingelheim, Yamagata, Japan). Patients were asked to empty the bladder about half of its volume in order to limit involuntary movements. The total duration of the examination was approximately 26 minutes. The individual sequences and their duration are summarized in Table 1 . All MRI investigations were evaluated independently at least by two radiologists who received brief training on PNP. For each RM survey, each operator performed at least two sets of measurements. Prior to the reconstruction of the hinterland, an image recording was performed to correct any artifacts from motion. Track reconstructions were performed directly on the MRI control console, using the Philips Fiber Track application included in the 4.1.3 release of machine management software by designing regions of interest (ROI) of different shapes in the periprostatic adipose tissue using as reference the T2-dependent axial images fused with the DTI recorded images and taking care of not to include muscle fibers of the bladder or shutter muscles to avoid being included in the reconstruction. The input parameters assigned to the software to perform the track-back reconstruction were: FA minimum of 0.15, angle threshold of 45 °, and the minimum length of 5 mm. 
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Statistical analysis
All statistical analyses were performed using SAS statistical software, version 9.4 (SAS Institute, Inc., Cary, NC). Descriptive statistics included frequencies, means values with standard deviation (±SD), median and range for continuous variables. Correlation coefficients were calculated using Spearman's correlation method (r). Results were considered to be statistically significant when p£0.05 (two-sides).
RESULTS
The study included 31 patients who were assessed by pre-operative MRI and underwent RARP with nerve-sparing intent. Table 2 shows the clinical and pathologic features of the study population. Mean clinical features were as follows: age 64.03, prostate volume 45.72 cc, total prostate-specific antigen (PSA) 9.05. Neurovascular bundles were preserved on the right and left side in 77.4% and 80.6% of cases, respectively. Involvement of a surgical margin was detected in 11 cases (35.5%). In the surgical specimen, the disease was extraprostatic in 8 cases (28.8%) with extracapsular extension in 4 (12.9%) and seminal vesicle invasion in 4 cases (12,9%). The median Gleason score was 7. Five of the 31 patients were not evaluated by MRI after RARP. Table 3 illustrates the results (mean ± SD) of MRI measurements related to anisotropic fraction, number and length of fibers for each level of the prostate gland (base, mid-gland and apex) at six months from RARP in 26 patients. In par- Table 2 . Some clinical and pathological characteristics of 31 patients to undergo an radical prostatectomy nerve-sparing ticular, at six months the number of fibers tracts was significantly decreased at base, mid-gland and apex for both right and left side (p= 0.01 -data not shown). Three of the 26 cases who were evaluated by MRI before and six months after RARP did not have nerve-sparing surgery. Table 4 shows correlations of IIEF-5 score with MRI measurements including anisotropic fraction, number and length of fibers for each level of the prostate gland (base, mid-gland and apex) at six months from RARP with nerve-sparing intent in 23 patients. There was a significant negative correlation between IIEF-5 score and anisotropic fraction measurements at both right (Pearson's coefficient = -0.420068; p=0.0456) and left (Pearson's coefficient = -0.66120; p=0.0006) base of the prostate, respectively. It was not detected any significant correlation between IIEF-5 score and anisotropic fraction at the other levels of the gland as well as the number of fibers. Finally, the IIEF-5 score test correlated positively to the length of fibers located at the right apex of the gland (Pearson's coefficient = 0.42546; p=0.0430), but no significant correlation was detected at the other levels of the prostate. Table 5 shows correlations of ICIQ-SF score test with MRI measurements including anisotropic fraction, number and length of fibers for each level of the prostate gland (base, mid-gland and apex) at six months from RARP with nerve-sparing intent in 23 patients. As shown, no significant correlations were detected between ICIQ-SF score with any of the MRI measured parameters including anisotropic fraction, number and length of fibers for each level of the prostate gland.
DISCUSSION
The aim of the present study was to evaluate if DTI is able to detect the changes of the PNFs before and after prostatectomy and if these changes are related to postsurgical complications, such as urinary incontinence and erectile dysfunction. Despite conventional MRI has proven to be a useful modality for the diagnosis of extracapsular invasion of prostate cancer, the visualization of the PNFs remains still difficult 16, 17 . Recently, Diffusion Tensor Imaging (DTI) has been uccessfully adopted for mapping of the PNFs 2, 30, 31 . Although the recent introduction of "nerve-sparing" techniques has shown to be able to reduce the incidence of these complications in comparison with the "non-nerve-sparing" approaches [5] [6] [7] [8] ., their incidence is still not negligible and directly related to the number of the preserved fibers during prostatectomy [10] [11] . In our study, in agreement with Kitajima Table 4 . Pearson correlation coefficients (r) between anisotropic fraction, N. of fibers, and fibers length for each level of the prostate gland and erectile dysfunction at 6 months from radical prostatectomy nerve-sparing. Table 5 . Pearson correlation coefficients (r) between anisotropic fraction, N. of fibers, and fibers length for each level of the prostate gland and incontinence at 6 months from radical prostatectomy nerve-sparing. et al. 2 , the number of fiber tracts after RARP was significantly decreased at the base, mid-gland, and apex for both right and left side (p<0.01). In this way, an interesting result of our series, which has not been studied before, is exclusively represented by significant negative correlation between IIEF-5 score and anisotropic fraction measurements at both rights (p=0.0456) and left (p=0.0006) base of the prostate. These results allow us to make some considerations. The first of all that the number of fibers is definitely essential for the recovery of erectile function and finally that the persistence of the fractional anisotropy of PNFs at six months is an indicator of probable erectile dysfunction. From a pathophysiologic point of view this aspect could be related to a difficult transmission of the nerve impulse, as normally happens when nerve fibers have a straight course. As known these findings confirm that erection occurs thanks to the preservation of pelvic plexus, as reported in the past by Walsh 34 , and that sphincteric urethra is not innervated predominantly by autonomic component. On the other hand in our study, this latter aspect is justified by the absence of a clear correlation between fractional anisotropy and urinary incontinence. In this regard, the role of the autonomic nervous component is somewhat uncertain and morphological studies in this direction show that the somatic nervous system, thanks to the pudendal nerve, is the predominant nervous component that is responsible for external sphincter innervation 35 . In any case, this study shows some limitations. The major one is the potential miscount of nerve fibers because the number of the track on DTI is not the real number of nerve fibers and because linear non-nerve structures such as fibromuscular tissue, arteries, and veins can concur to generate fiber tracts. Finally, the number of patients included in the study is still small and further largescale prospective studies are needed.
Level of prostate gland
In conclusion, DTI of the periprostatic neurovascular fibers (PNFs) has demonstrated to be a useful and reproducible technique in detecting the changes of the PNFs induced by RARP. In particular, DTI seems to be a fascinating instrumental evaluation that in the future could play the role of predictive investigation for erection recovery after RARP. 
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Gyneco... In analogy with the surgical procedure of radical prostatectomy, the radical hysterectomy operation for cancer is responsible of numerous negative effects on sexual functioning 1 . This is due to the elimination of a large part of pelvic ligaments and pelvic autonomic nerves notoriously involved in clitoral as penile erection (parasympathetic nervous system), and in female orgasm and ejaculation (orthosympathetic nervous system). These autonomic nerves are located in the sacro-coccygeal plexus in the pelvis. Prostate and uterus are organs embriologically correlated, consequently their radical removal causes gender similar sexual, urinary and anorectal dysfunctions. In fact women following radical hysterectomy have a high incidence of sexual dysfunctions (sexual desire, sexual arousal, orgasmic, and sexual pain disorders, data obtained by a self-reported sexual function questionnaire). The preoperative, 1-and 2-year postoperative, sexual dysfunction rates were 50.5% , 86.9%, and 92.3% respectively becoming eventually stable as shown in the recent study of Wang and Chen 2 and age, preserved ovary, preserved posterior vaginal wall length, preoperative stage, radiotherapy, and education background were risk factors associated with sexual dysfunction. A metanalysis of Xue and Zhu 3 demonstrated that the nerve sparing radical hysterectomy was associated with less bladder and anorectal dysfunction and a higher score of Femal Sexual Function Index (FSFI) with a similar rate of cancer recurrence. To confirm the result that Siracusano founded in men, it would be very interesting a study on use of Diffusion Tensor Imaging tecnique on MRI in the prognosis of sexual dysfunction after radical hysterectomy.
